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(Letter  only) 


FOREWORD 


As  required^Sne  (1)  densified  billet  oat  of  each  tbi-rty-six  {36)  processed 
is  randomly  selected  and  subjected  to  the  Production  Lot  Sampling  Tests 
specified  in  paragraph  5.  2.  3  of  the  Equipment  Test  Plan,  A  VSD-0325-78-CR 
dated  14  March  1 9 V 9 -  During  this  report  several  PLS  billets  were  tested. 
These  arc  as  follows:  PLS  $5  from  densification  Lot  6,  PLS^tfb  from  densifi- 
cation  Lot  8,  PLS  // 7  from  densification  Lot  9,  PLS  § 8  from  densification 
Lot  10  and  PLS  #9  from  densification  Lot  11.  All  data  has  been  compiled  on 
previously  presented  Figures  7,  8,  and  9  from  the  Equipment  Test  Plan,  and 
included  herein  as  the  General  Test  Report,  Production  Lot  Sampling,  in 
accordance  with  CDRL  Sequence  Number  081A2. 


SUMMARY  OF  TEST  RESULTS 


During  this  reporting  period  a  change  in  the  requirements  for  Thermal 
Conductivity  and  Torsional  Shear  were  incorporated  by  Change  Order  P00009 
to  Contract  F04704-78-C-0036. 

All  of  the  PLS  test  results  obtained  were  within  specification  requirements, 
no  changes  were  made  in  the  test  procedures  and  there  are  no  anomalies  to  be 
reported. 


DATA  SUMMARY 
PLS  #5 

DENSIFI CATION  LOT  6 


l'LS  SUMMARY  DATA  SHEET 
TYPE  II  CARBON/ CARBON  BILLET 


BILLET  S/N  K 900046  (PI.S  If  5) 
PREFORM  S/N  ( P 1 44 1  A  )  F9008  52 
DENSIFICATION  L0T(S)_6 _ 

BILLET  SIZE  8.  059  x  3.  237  x  3.  237 


BILLET  WEIGHT 

2728.  1  crams 

BULK  DENSITY 

1 . 97  1  sms 

/  cc 

RADIOMETRIC  DENSITY 

EDGE  TO  CORE  RATIO _ 

0. 9978 

END  TO  END  GRADIENT _ 

0. 0008 

SIDE  TO  SIDE  GRADIENT, 

0.  015 

OPEN  POROSITY 

4.  41% 

FRACTURES  (X) 

None 

&  INCLUSIONS  (Y)  None 

VISUAL  INSPECTION  Accept 


PREFORM  DATA  SUMMARY 

MISSING/DISPLACED  YARN 
BUNDLES  (Z) _ None 


FIBER  ORIENTATION  JL  W /Tn  ?° 

Z  AXIS  BENDING 

None 

Z  ELEMENT  SPACING 

W/Tn  +  .  00  5 

XY  LAYER  SPACING 

W /  In  +  .  002 _ 

BULK  DENSITY  1.081  ems/cc 

DENSITY  GRADIENT 

0.  064  pm /cc. 

PLS  SUMMARY  DATA  SHEET 

MECHANICAL  PROPERTIES  -  TYPE  IT  CARBON/CAR!’. ON  BILLETS 


BILLET  S/N  K900046  (PMllA) 

PLS  US 

PROPERTY 

TEST 

SPECIMEN 

TEST  VALUE 

ULTIMATE  TENSILE  STRENGTH 

X 

TX-1 

27600 

TX-2 

33800 

TX-3 

30200 

TX-4 

32500 

z 

TZ-1 

,  2.7.2QP-. 

TZ-2 

26800 

TZ-3 

28  500 

TENSILE  MODULUS 

X 

TX-1 

_ UuD 

TX-2 

13.  6 

TX-3 

.—  1^1 _ 

TX-4- 

14.  5 

z 

TZ-1 

12.  3 

TZ-2 

_ 11.8 

TZ-3 

11.8 

COMPRESSIVE  YIELD  STRENGTH 

X 

CX-1 

_ 19100- 

CX-2 

18900 

CX-3 

_ L8400- 

z 

CZ-1 

16900 

CZ-2 

18400 

REQUIREMENT 

(MIN.) 


18.  2  x  103  PSI 


16.  5  x  103  PSI 


8.5  x  106  PSI 


9.4  x  106  PSI 


15.  2  x  10 


3 


PSI 


11.0  x  10 


3 


PSI 


CZ-3 


PLS  SUMMARY  DATA  SHEET 

MECHANICAL  PROPERTIES  -  TYPE  II  CARBON/ CARROT  BILLETS 


BILLET  S/N  K 900046  (P1441A)  PLS// 5 

PROPERTY  TEST  SPECIMEN  TEST  VALUE 

COMPRESSIVE  MODULUS 

X  CX-1  *3. 8 

CX-2  13.0 

CX-3  12. 4 

Z  CZ-1  10. 6 

CZ-2  10. 9 

CZ-3  9. 7 

45°  XY  TENSION,.  17.  OFFSET  YIELD 

TXY-1  4170 

TXY-2  3830 

TORSIONAL  SHEAR,  ,27.  OFFSET  YIELD 

TS-1  1000 


REQUIREMENT 
(MIN. ) 


■  11.2  x  106  PSI 


8.4  x  106  PSI 


3500  PSI 


950  PSI 


TS-2 


1030 


PLS  SUMMARY  DATA  SHEET 
TYPE  II  CAR1S0N/CAKP.0N  BILLET 


THERMAL  PROPERTIES 


BILLET  S/NK900046(P1441A)PLS//5 


PROPERTY 

TEST  SPECIMEN 

TEST  VALUE 

REQUIREMENT 

THERMAL  EXPANSION 

•  A  L/L  x  103  IN/ IN 
@  A000°F 

X  @  A000°F 

TEX-1 

3.  59 

3.2  TO  A. 1 

TEX- 2 

_ 3. 62 _ 

Z  @  A000°F 

TEZ-1 

3.  50 

3.1  TO  A. 1 

TEZ-2 

3.  59 _ 

THERMAL  CONDUCTIVITY 

BTU  IN/HR  FT2  °F 

Z  @  500°F 

TCZ-1 

627 

580  -  740 

Z  @  1500°F 

TCZ-1 

460 

410  -  520 

X  @  500°F 

TCX-1 

901 

770  -  1010 

X  @  1500°F 

TCX-1 

585 

500  -  655 

DATA  SUMMARY 
PLS  HG 

DENSIFI CATION  LOT  8 


VIS  SUMMARY  DATA  SHEET 

TVi ’i:  II  c/ ; yyy  [y  y:;_ im . 

BILLET  S/N  A 000453  (PLS  //6) _ 

PREFORM  S/N  ( P 1  -lAAA 1  1^000052 _ 

DENS IFICAT ION  L0T(S)_8 _ 

BILLET  SIZE  8 . 063  x  3.21  1  x  3.  237 
BILLET  WEIGHT  2h3JL  -  S  C  rr>  JQ3  q 
BULK  DENSITY  1.964  gm s/cc _ 

RADIOMETRIC  DENSITY 

EDGE  TO  CORE  RATIO  0.9050 _ 

END  TO  END  GRADIENT  0.000-4 _ 

SIDE  TO  SIDE  GRADIENT  0-01?  _ 


OPEN  POROSITY  4  «  <=,»/„ _ 

FRACTURES  (X)  None _ 

&  INCLUSIONS  (Y)  None _ 

VISUAL  INSPECTION  Accept 

PREFORM  DATA  SUMMARY 

MISSIKG/DISPLACED  YARN 
BUNDLES  <Z) _ None _ 


FIBER  ORIENTATION 

X  W /In  2° 

Z  AXIS  BENDING 

None 

Z  ELEMENT  SPACING 

W/ln  1-  .DOS 

XY  LAYER  SPACING 

W  /In  +  .002 

BULK  DENSITY  1.115  rnw/rr 

DENSITY  GRADIENT  (MAX)  0.  0  37  Lon/cc 


PLS  SUMMARY  DATA  SHEET 

MECHANICAL  PROPERTIES  -  TYPE  II  CARRON/CARBON  MILLETS 


nn.T.mr  s/n  A 0004 5 3  (P1466A) 

PLS  H 

DATE  4-15-80 

TEST 

REQUIREMENT 

PROPERTY 

SPECIlfEN 

TEST  VALUE 

.-jOLUILJ  , 

ULTIMATE  TENSILE  STRENGTH 

X 

TX-1 

21.  1 

18.  2  x  103  PS 

TX-2 

...?J  -A - 

TX-3 

23.7  .. 

TX-4 

24.  3 

z 

TZ-1 

25.  1 

3 

16.  5  x  10  PSI 

TZ-2 

22.  4 

TZ-3 

21. 1 

TENSILE  MODULUS 

X 

TX-1 

_U_5 _ 

8.5  x  106  I'SI 

TX-2 

.  J-2.-.2 - 

TX-3 

_L3^ _ 

TX-4 

13.  0 

z 

TZ-1 

11.9 

9.4  x  106  PSI 

TZ-2 

12.  9 

TZ-3 

A2.3 _ 

COMPRESSIVE  YIELD  STRENCTH 

X 

CX-1 

Jib-2 - 

15.  2  >-  103  PS 

CX-2 

16.  3 

CX-3 


17.  6 


PLS  SUMMARY  DATA  SHEET 

MECHANICAL  PROPERTIES  -  TYPE  II  CARBON/ CARBON  BILLETS 


BILLET  S/N A  0004  53  (1 

51  lAAA  1PT.S”  A 

PROPERTY 

TEST  SPECIMEN 

TEST  VALUE 

COMPRESSIVE  MODULUS 

X 

CX-1 

13.  9 

CX-2 

1  3-  R 

CX-3 

_ 

z 

CZ-1 

10.  1 

CZ-2 

_ .i&>-9. 

CZ-3 

li.l 

A 5°  XY  TENSION ,.17.  OFFSET  YIELD 

TXY-1 

4100 

TXY-2 

3700 

TORSIONAL  SHEAS,  ,27.  OFFSET  YIELD 

TS-1  1430 


REQUIREMENT 
(MIN. ) 


11.2  x  106  PSI 


8. A  x  106  PSI 


3500  PSI 


950  PSI 


TS-2 


1390 


PLS  SlR-tMARY  DATA  SHEET 
TYTE  II  CARRON/CARBON  BILLET 


BILLET  S/N  A 000-1 5 3  ( 

PROPERTY 

THERMAL  EXPANSION 
X  @  4000°F 

Z  @  4000°F 


THERMAL  CONDUCTIVITY 
500°F 
X<a  1500°F 
Z  (3  500°F 
Z  @  1500°F 


THERMAL  PROPERTIES 


4Aaa)pt»s/;a 


TEST  SPECIMEN 

TEST  VALUE 

REQUIREMENT 

&  L/L  x  103  IN/ IN 
@  4000°F 

TEX-1 

....  3.  44 _ 

3.2  TO  4.1 

TEX- 2 

3.  36 

TEZ-1 

_  3.  44 

3.1  TO  4.1 

TEZ-2 

3.  33 

> 

BTU  IN /HR  FT2  °F 

TCX-1 

883 

770  to  1010 

TCX-1 

610 

500  to  655 

TCZ-1 

650 

580  to  740 

TCZ-1 

465 

410  to  520 

DATA  SUMMARY 
PLS  #7 

DEN  SI  FI  CA  TION  LOT  9 


I’LS  SUMMARY  DATA  SHEET 
TYPE  II  CARBON/CAKBON  BILLET 

BILLET  S/W  POOQ2S7  (PI,,S  I! 7) _ 

PREFORM  S/NjPMTARl  F90Q093 _ 

DENSIFICATION  LCT(S)__2 _ 

BILLET  SIZES.  1 27  x  3.  240  x  3.  240 

BILLET  WEIGHT  ?7S.-i.  A  amm« _ 

BULK  DENSITY  1.970  pm s/rc _ 

RADIOMETRIC  DENSITY 

EDGE  TO  CORE  RATIO  0.999  3 _ 

END  TO  END  GRADIENT  0.  0046 _ 

SIDE  TO  SIDE  GRADIENT  0.020 _ 

OPEN  POROSITY  4.73% _ 


FRACTURES  (X) 

None 

&  INCLUSIONS  (Y) 

N  one 

VISUAL  INSPECTION  ArrPpt 


PREFORM  DATA  SUMMARY 

MISSING/DISPLACED  YARN 
BUNDLES  (Z) _ None 


FIBER  ORIENTATION 

J-  W /In  2° 

Z  AXIS  BENDING 

None 

Z  ELEMENT  SPACING 

W /In  £  .005 

XY  LAYER  SPACING 

W /In  ±  •  002 

BULK  DENSITY  1.110  cfms/cr _ 

DENSITY  GRADIENT  (MAX)  0.070  cm/cc 


PLS  SUMMARY  DATA  SHEET  (FOR  PLS  BILLETS  ONLY) 
TYPE  II  CARBON/CARBON  BILLET 


KM- 3000  PAN  97-3  387  x  10  54.  7  -'—OS 

(For  Rods) 


■* 


PI.S  SUMMARY  DATA  SHEET 

MECHAKI CAL  VROPERTI  US  -  TYPE  T  !  CAKtiOH/CAKKCgl  TA  TUTS 


UILLET  S/K  B000287  (P1476D)  PLS  H7 


EWIE  5/06/80 


PROPERTY 

ULTIMATE  IEKSILE  STRENGTH 


TEST 

specimen 


TX-l 


TEST  VALUE 


requirement 

(MIN.) _ 


18.2  X  103  PSI 


TX-2 

TX-3 

TX-4 

TZ-l 

TZ-2 

T7.-3 


16.5  x  103  PSI 


TENSILE  MODULUS 


TX-l 


8.5  x  10°  PSI 


TX-2 


TX-3 


TX-4 

TZ-l 


TZ-2 


9.4  x  106  rsi 


■  COMPRESSIVE  YIELD  STRENGTH 


TZ-3 


CX-1 


15.2  x  103  PSI 


Z 


CX-2 

CX-3 


CZ-1 


11.0  x  103  PSI 


CZ-2 

CZ-3 


•  I 


l'l.i;  s:u:-s: i\uv  data  sheet 

mechanical  mroms  -  type  n  carbon/cakkon  billets 


BILLET  S/W  n000287  (P1476B)  PLS  »7 

PROPERTY 


TEST  SPECIMEN  TEST  VAI.UE 


COMPRESSIVE  MODULUS 

X 


CX-1 

CX-2 

CX-3 

C2-1 

CZ-2 

CZ-3 


45°  XY  TENSION, .  1*1  OFFSET  YIELD 


TXY-1 

TXY-2 


13.2 


13.9 


13.5 


10.1  ■ 


12.0 


10.8 


4070 


3860 


REQUIREMENT 

-  _ 


11.2  x  106  PSI 


8.4  x  106  PSI 


3500  PSI 


TORSIONAL  SHEAR,  x27.  OFFSET  YIELD 

TS-1 

TS-2 


1430 


1440 


950  PSI 


*\ 


TYPE  11  '\'W 


oni.v.i 

or:  v.Tiirr 


TlIF.nMM.  VF.OIM-T.TTKS 

BILLET  S/H  B000287  (P14760)  PLS  HI 


PROPERTY 

TEST  SPECIMEN 

TEST  VALUE 

REQUIRE  MV 

THERMAL  EXPANSION 

A  L/L  >:  103  ] 
@  A000°F 

X  @  A000°F 

TEX- 1 

3.59 

3.1  TO  A. 

TEX- 2 

3.46 

2  <3  4000°F 

TE2-1 

3.20 

3.1  TO  A. 

• 

TEZ-2 

3.40 

THERMAL  CONDUCTIVITY 

BTU  IN/HR  FT- 

Z  (3  500°F 

TCZ-1 

680 

580  -  740 

Z  @  1500°F 

TCZ-1 

470 

A10  -  520 

*  X  @  500°F 

TCX-1 

900 

770  -1010 

X  (?  1500°F 

TCX-1 

601 

500  -  655 

• 

• 

> 

• 

\ 

*  • 

•% 

t 

* 

,*  * 

• 

• 

- 

* 

• 

•  * 

■>.  V  ' 


■  > 


DATA  SUMMARY 
PLS  //  8 

DENSIFI CATION  LOT  10 


ri.s  1  aya  : 

TYrK  IT  CAiniON'/CAKHOW  iwjxkt 


BILLET  S/N  lU>0n658  (PI S  .''8) 


PREFORM  S/tf  (PI  487 A)  F901036 


BILLET  WEICirr  2756.8  crams 


BULK  DE.N’S ITY  1  •  9 6 -1  ams/c c 


^2  ^ 

pH 

4-»  .  . 

ro 

«,  ,.■ 

o“ 

C  vJ 

<►— 

a> 

-} 

'i' 

»  , 

O  r~i 

2.  i 

rO 

r-r  <"- 

l 

b  ^ 

r- 

o 

O  02 

M  H 

H  to 


W 

H  O' 
VZ  <N I 

o 


U  02 

M  W 

02  t> 

Q  < 

<  !U 

U,  it 


n.r,  arr'v.v  pvt*  sheet 

l«:C!’.*N!CAi  rnr>',r:n :  ••  -  *i  vp;  ;■  i  "[/<' 


nil’ 


BILL! IT  S/K  r.000658  (P1487A)  I'l.S  -J:8 


IYVTR 


property 

UJ.TJ mate  tensile  strength 

X 


TENSILE  MODULES 

X 


COMPRESS  1  Vi.’  YI  El.:)  STRENGTH 

X 


TEST 

SPECIMEN' 


TEST  VALVE 


_ 1/2Q/3Q _ 

REQUIREMENT 


TX-1 

35.0 

18.2  x  103  rsi 

TX-2 

33.4 

TX-3 

• 

CO 

TX-4 

32.4 

TZ-1 

27.1 

16.5  x  10*  PEI 

TZ-2 

24.3 

TZ-3 

24.7 

TX-1 

15.4 

8.5  x  10f'  PSI 

TX-2 

13.9 

TX-3 

15.1 

TX-4 

15.1 

TZ-1 

:  10.5 

9.4  x  JO6  ESI 

TZ-2 

12.9 

TZ-3 

13.2 

CX-1 

18.8 

15.2  x  103  PSI 
\ 

CX-2 

19.4 

CX-3 

18.7 

CZ-1 

14.9 

11.0  x  103  PSI 

CZ-2 

16.5 

• 

CZ-3 

16.7 

)■].■;  ;u:-:v.y  paya 
mechanical  m>iOTn:s  -  rvri:  n 


m:;  i.r 

cAi-.i.t'.-.ycAi:  /•::  r.i  i.T.i.rs 


BILLET  S/M  noQP658(fr^87A)  l’LS  *3 

rKomtTY  test  spErrrrx  test  vai.ui: 

COMPRESS  IVE  KODU1  .US 

X  CX~1  15.2 

CX-2  15.0 

OX -3  13.2 

Z  CZ~1  10.5 

C2-2  10.3 

CZ-3  .  10.1 

A  5°  XV  TEN’S  ION, .  IV.  OFFSET  YIELD 

TXY-1  3910 

TXY-2  3710 


Ki:Qiniu:;:iNT 


11.2  >:  10f*  TSI 


C.A  x  106  PSI 


3500  rsi 


TOIIS I  ON  AL  SHEAR ,  ,2%  OFFSET  YIELD 


TS-1 


1230 


950  PSI 


ivta  rstrr.T 


tiht.hm.  i’KomvnES 


IJILI.O'  S/il  B000658 

(P1487A)  i’LS  if  8 

iTvO]v(::;ty 

test  sfecimf:: 

TEST  VAT.l’E 

reqiu 

A  E/E  >:  JO3  r 
0401  ■ 

X  0  4000CF 

TEX- 1 

3.37 

3.3  TO  4. 

TEX- 2 

3.46 

7  0  /i  OOD^r 

TEX- 1 

3.42 

3.1  TO  4. 

TEZ-2 

3.52 

Tiu:Juv.;>  cc:;:rccn\'i ty 

KTU  3  E’/IEu  )  ;  - 

x  0  500°;* 

TCZ- 1 

666 

580  -  740 

Z  0  1500°F 

TCZ- ). 

456 

410  -  520 

X  0  500°F 

TCX-1 

876 

770  -3.010 

X  0  1500°r 

TCX-1 

606 

500  _  655 

DATA  SUMMARY 
PLS  #7 

DENSIFICA  TION  LOT  11 


rr.n  rr,,,,."Y  data  rnrxT 
type  Ji  < 


BILLET  S/Hjnnn»>Ma  HM.S  ’■<>) 
PREFORM  S/N  PI-H4A  r^OIOo-l 
DENSIFICATION  LOT(S)  11 _ 


BILLET  SI2E8.  QV>  v  ^ v 
BILLET  WEIGHT  27  31. 9  "rams 


BULK  DENSITY  1  Q7 1  -rv-  /. 


RADIOMETRIC  DENSITY 

EDGE  TO  CORE  RATIO  °- 9974 
END  TO  END  GRADIENT  0.  0078 
SIDE  TO  SIDE  GRADIENT  0.016 


OPEN  POROSITY  4.42% 

FRACTURES  (X)  None 
&  INCLUSIONS  (Y)  None 

VISUAL  INSPECTION  Accent 


PREFORM  DATA  SUMMARY 

MISSING/DISPLACED  YARN 

BUNDLES  (Z) _ None _ 

FIBER  ORIENTATION  -L  \V/ln  2° 

2  AXIS  BENDING  None _ 

2  ELEMENT  SPACING  W /In  —  ,  005 


XY  LAYER  SPACING. 


W/In  -  .  0( 


DENSITY  GRADIENT  (MAX)  0.  029  rm/cc 


iitt.t.kt  s /ii  nooofifis  (pm<ma»p 

T.S'/? 

DATE 

6/6/80 

PROPERTY 

TEST 

SPECIMEN 

TEST  VALUE 

REQUIREMENT 
_ (MIN.) 

ULTIMATE  TENSILE  STRENGTH 

X 

TX-I 

.JL3^. _ 

18.2  x  103  P5 

TX-2 

35.  7 

TX-3 

31.7 

TX-4 

35.  5 

z 

TZ-1 

25.  7 

16.5  x  1 03  P£I 

TZ-2 

26.  5 

TZ-3 

23.  1 

TENSILE  MODULUS 

X 

TX-1 

15.8 

8.5  x  106  US I 

TX-2 

17.  3 

TX-3 

14.  2 

TX-4 

15.  3 

z 

TZ-1 

13.  3 

9.4  x  106  PSI 

TZ-2 

13.  3 

TZ-3 

11.4 

COMPRESSIVE  YIELD  STRENGTH 

X 

CX-1 

18.  8 

15.  2  y  103  PEI 

CX-2 

18.  0 

CX-3 

,-iz^a _ 

z 

CZ-1 

15.  4 

11. 0  x  103  »SI 

CZ-2 

16.  4 

CZ-3 


15.7 


I’ls  sum:  i/Mr;  data  skk::t 

ME CHANT CAT-  PROPERTIES  -  TYPE  II  CARBON/ CARBON  BILLETS 


BILLET  S/H  nonnASS  TPJ40-tA),  PI  s-'/Q 


PROPERTY 

COMPRESSIVE  MODULUS 
X 


z 


TEST  SPECIMEN  TEST  VALUE 


CX-1 

CX-2 

CX-3 

CZ-1 

CZ-2 

CZ-3 


JJLA 

JLLJ. 

12.  6 
9.  8 
10.  1 


10.  1 


45°  XY  TENSION,. U  OFFSET  YIELD 

TXY-1  3670 

TXY-2  4080 

•  ' 

TORSIONAL  SHEAR,  ,27.  OFFSET  YIELD 


REQUIREMENT 
— (MIN.) 


11.2  x  106  PSI 


'8.4  x  106  PSI 


3500  PSI 


TS-1 


1130 


950  PSI 


PLS  SUMMARY  DATA  SHEET 
TY l'E  II  CARP, ON/ CARBON  BILLET 


THERMAL  PROPERTIES 


BILLET  S/S  H000t'88  (Pl-1?tyS)  PLS*9 


PROPERTY 

TEST  SPECIMEN 

TEST  VATA’E 

REOFTRP^NT 

THERMAL  EXPANSION 

£  L/L  x  103  IN/ IN 
@  4000°F 

X  <?  4000°F 

TEX-1 

3.  36 

3.2  TO  4.1 

TEX- 2 

3.  38 

Z  @  4000°F 

TEZ-1 

3.  29 

3.1  TO  4.1 

TEZ-2 

-  —3.  36  _  _ 

THERMAL  CONDUCTIVITY 

BTU  IN/HR  FT2  °F 

X  @  500°F 

TCX-1 

897 

770  to  1010 

X<a  1500°F 

TCX-1 

600 

500  to  655 

Z  @  500°F 

TCZ-1 

670 

580  to  740 

2  @  1500°F 

TCZ-1 

438 

410  to  520 

